Attention has been focused recently on the interphase in continuous, unidirectional fiber-reinforced composites. In this study, the interphase region is modeled as a non-homogeneous, orthotropic material with continuously varying properties. A previously proposed solution method is used to determine the local stress fields in the constituents -the fiber, interphase and matrix -and the results are presented.
Introduction
Mechanics representations of the micro-details of fiber-reinforced composites have generally assumed the existence of two phases, namely the fiber and matrix. However, in reality, an additional phase may exist between the fiber and matrix. This phase, commonly known as the interphase, is the juncture that results when the matrix bonds with the fiber surface or the fiber sizing. The interphase region is often the product of processing conditions involved in composite manufacture. Hence, the properties of the region depend directly upon the chemical, mechanical, and thermodynamical nature of the bonding process between the matrix material and fiber material and any subsequent changes in those local conditions. As a direct result of this dependence, the interphase may have spatially non-uniform properties, i.e., the properties may vary from point to point through the thickness of the interphase. A realistic incorporation of this region into the micromechanical analyses of composite systems is critical to the understanding of composite behavior.
Model
Lekhnitskii [1] has discussed the problem of stress distribution in a non-homogeneous hollow cylinder, having cylindrical anisotropy and, loaded on the inner and outer cylindrical surfaces by uniformly distributed pressures, and fixed at the ends. Expressions for stresses have been derived under the assumption of plane strain, using a stress function approach. The compliance coefficients of the cylinder have been assumed to be akl =Ukl r», where Ukl are constants, r is the radial distance, and n is any constant real number.
The interphasial properties in this study are modeled with the Lekhnitskii relationship and the following assumptions are used: • The continuous fiber composite is simulated by a representative volume element consisting of two concentric, long, circular cylinders (representing the fiber and interphase -the fiber-interphase assemblage) embedded in a matrix medium. The radii of the interphase and the fiber are denoted by rl and rr, respectively. The interphase thickness is given by, t = rl-rr.
• A cylindrical coordinate system (r, a, z) is considered with z as the axial coordinate and r-s as the transverse plane (see Figure 1 ). • The fiber, interphase, and matrix are considered as orthotropic materials.
• The interphasial properties are functions of the radial coordinate: Clj =alj r n and Ulj = blj r m , where CIJ refer to the stiffness coefficients, ulJ refer to the thermal expansion coefficients, and alj, blj, nand m are constants. 
Solution method and results
Benveniste, Dvorak and Chen [2] have used a three-phase model (fiber/coating/matrix) to predict the local stresses in a carbon-coated Sicmtanium Aluminate composite under thermo-*A.previous artic~e ti~led 'Local stress fields in a unidirectional fiber-
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With a non-homogeneous interphase region: Formulation', published~n Vol 1 No 2 of this journal should have been attributed to K Jayaraman and K L Reifsnider. We apologise for any misunderstanding caused. mechanical loading situations. A simple variation of the formulations of Eshelby and Mori and Tanaka, called the Equivalent Inclusion -Average Stress (EIAS) concept was used and the composite was subjected to thenno-mechanicalloading conditions. The local stresses in the fiber, coating and the adjacent matrix in the composite were approximated by the solution for a single coated fiber in an infinite matrix subjected to average matrix stresses. The fiber-fiber interaction was taken into account approximately through the average matrix stresses.
In a previous publication, Jayaraman and Reifsnider [3] have used the EIAS Concept to formulate a solution for the determination of local stresses in the constituents of a fiber-reinforced composite. The interphase has been modeled as a non-homogeneous, orthotropic material with continuously varying properties as discussed in the previous section. In this study, the methodology is applied to a carbon fiber-reinforced epoxy and the local stresses under thermomechanical loading conditions (see Figure 2 ) are determined; the carbon fiber and the interphase are considered to be transversely isotropic and the epoxy matrix is considered to be isotropic [4] . The constants alj and blj are assumed to have the same numerical values as the stiffness and thermal expansion coefficients of the fiber, respectively. A fiber volume fraction of 0.4 and a fiber radius of 1.0 are considered for all the numerical calculations; the calculations are performed using the symbolic software MACSYMA [5] . Figures 3, 4 and 5 show the local stresses in the composite under thenno-mechanicalloading conditions; the local stress state is shown to be strongly dependent on the parameters alj, blJ' n, m and t. '"
